Objectives This study sought to assess device-specific outcomes after implantation of bare-metal stents (BMS), zotarolimus-eluting Endeavor Sprint stents (ZES-S), paclitaxel-eluting stents (PES), or everolimus-eluting stents (EES) (Medtronic Cardiovascular, Santa Rosa, California) in all-comer patients undergoing percutaneous coronary intervention.
Randomized, controlled trials (1, 2) , meta-analyses (3) , and observational studies (4) have consistently shown reduced rates of angiographic restenosis and ischemia-driven target vessel revascularization (TVR) with drug-eluting stents (DES) compared with bare-metal stents (BMS). As a result, most percutaneous coronary interventions worldwide are done with DES rather than BMS. However, the higher rates of very late stent thrombosis (ST) and the concern for a higher risk of late ST after early discontinuation of dual antiplatelet agents with first-generation DES have raised safety concerns (5, 6) . To address these issues, new DES have been developed with novel materials, designs, and delivery systems, with improved biocompatible polymers, and new antiproliferative agents compared with their predecessors. However, most of these second-generation stents were approved in noninferiority trials compared with first-generation DES (7) (8) (9) (10) . Therefore, few studies have directly compared secondgeneration DES with each other or with BMS.
The purpose of this pre-specified analysis of the PRODIGY (PROlonging Dual Antiplatelet Treatment After Grading stent-induced intimal hyperplasia studY) (11) was to assess device-specific outcomes in an all-comer patient population receiving a balanced proportion of firstor secondgeneration DES or BMS at the time of intervention.
Methods
Study design and population. PRODIGY is a 4 Â 2 randomized, multicenter, open-label clinical trial designed to evaluate the efficacy and safety of prolonging the duration of clopidogrel therapy for up to 24 months in all-comer patients receiving a balanced mixture of stents with varying anti-intimal hyperplasia potency and belonging to both firstand second-generation DES (11, 12) .
Patients undergoing elective, urgent, or emergent coronary angioplasty with intended stent implantation at 3 referral Italian sites were randomly assigned in a 1:1:1:1 fashion to 1 of 4 stent types, including everolimus-eluting stents (EES), paclitaxel-eluting stents (PES), zotarolimuseluting Endeavor Sprint stents (ZES-S), or third-generation thin-strut BMS (Medtronic Cardiovascular, Santa Rosa, California). At 30 days, patients in each stent group were randomized in a balanced fashion to either 6 or 24 months of dual antiplatelet treatment. In the 6-month dual antiplatelet therapy group, clopidogrel discontinuation at any time after 30 days was allowed in patients who were randomized to BMS if coronary intervention was indicated by the presence of stable coronary artery disease (12) .
Individuals eligible for enrollment were patients 18 years of age or older with chronic stable coronary artery disease or acute coronary syndromes, including non-ST-segment elevation myocardial infarction (MI) and ST-segment elevation MI. They were eligible if they had at least 1 lesion with a stenosis diameter of !50% that was suitable for coronary stent implantation in a vessel with a reference vessel diameter of at least 2.25 mm. Selection criteria were broad, reflecting routine clinical practice. We set no limit for the number of treated lesions, vessels, or lesion length and excluded no patients on the basis of comorbid disorders or age, apart from the following pre-specified criteria: known allergy to acetylsalicylic acid or clopidogrel; planned surgery within 24 months of percutaneous coronary intervention unless the dual antiplatelet therapy could be maintained throughout the perisurgical period; history of bleeding diathesis; major surgery within 15 days; active bleeding or previous stroke in the past 6 months; concomitant or foreseeable need for oral anticoagulation therapy; pregnancy; life expectancy <24 months; participation in another trial; and inability to provide informed consent.
The ethics committees of the 3 participating centers independently approved the protocol, and all participants gave written informed consent.
Treatment protocol and follow-up procedures. All patients received aspirin (160 to 325 mg orally or 500 mg intravenously as a loading dose and then 80 to 160 mg orally indefinitely) and clopidogrel (300 or 600 mg orally as a loading dose) and then 75 mg/day for the treatment duration according to the randomization scheme as follows: for either 6 months in the 6-month dual antiplatelet therapy group in patients randomized to BMS and presenting with stable coronary artery disease, a shorter (but not <30 day) duration of dual antiplatelet therapy was allowed to comply with available evidence or 24 months in the 24-month dual antiplatelet therapy arm irrespective of the previously implanted stent type or indication for the coronary procedure.
Anticoagulation during coronary intervention was accomplished through administration of either unfractionated heparin or bivalirudin. All interventions were performed according to current standard guidelines and the final interventional strategy, including administration of glycoprotein IIb/IIIa antagonists, pre-or post-dilation, or the use of intravascular imaging techniques, was left entirely to the discretion of the operator, except for the stent use. Angiographic success was defined as residual stenosis <30% by visual analysis in the presence of Thrombolysis In Myocardial Infarction flow grade 3. Follow-up. All randomized patients who were not lost to follow-up, irrespective of their compliance with the assigned treatment schedule, returned for study visits at 30 days and then every 6 months up to 2 years. During follow-up visits, patients were examined, assessed for adverse events, and underwent 12-lead electrocardiography. Patients lost to follow-up were censored at the time of the last contact. Study endpoints. The primary aim of this analysis was to compare the 2-year outcomes after firstor second-generation DES or BMS with respect to the occurrence of major adverse cardiac events (MACE), including death of any cause, nonfatal MI, or TVR. This was a pre-specified secondary endpoint of the study, and as no formal sample size assessment was performed. Other secondary objectives included each component of the primary endpoint, cardiovascular death, incidence of stent thrombosis defined on the basis of the Academic Research Consortium criteria (13) , and the incidence of target lesion revascularization (TLR) for the entire duration of follow-up or from 1 year onward. Study endpoint definitions were previously reported (11) . Periprocedural MI in patients without ongoing ischemia was defined as any increase of >3 times the upper limit of normal in at least 1 blood sample for creatine kinase-myocardial band (CK-MB) fraction in patients with CK-MB values before the procedure within the normal range or at least 50% CK-MB elevation after percutaneous coronary intervention in patients with CK-MB values higher than the upper limit of normal before the procedure. Spontaneous MI was based on the detection of increase and/or decrease in cardiac biomarkers (preferably troponin) with at least 1 value above the upper limit of normal together with evidence of myocardial ischemia with at least 1 of the following: symptoms of ischemia; electrocardiographic changes indicative of new ischemia (new ST-T changes or new left bundle branch block); development of pathological Q waves on the electrocardiogram.
All study endpoints were confirmed on the basis of documentation collected at each hospital and were centrally adjudicated by the clinical events committee, whose members were unaware of the patients' treatment-group assignments. Statistical analysis. Categorical variables were expressed as frequency (percentage), whereas continuous variables were expressed as mean AE SD. Baseline continuous variables were compared between randomized groups using analysis of variance, whereas for baseline binary variables, the likelihood ratio, chi-square test, or Fisher exact test was used. Post-hoc comparisons were performed by the Tukey honest significance difference test.
Estimation of the cumulative MACE rate was done with the Kaplan-Meier method, and events were compared by the log-rank test. To investigate the effect of time on outcome, the landmark method was also applied, in which the time to treatment was divided into landmark time intervals (0 to 1 and 1 to 2 years). A 2-sided p value <0.05 was considered significant. All analyses, carried out on the basis of the intention-to-treat principle, were performed using STATA, version 11.1 (StataCorp, College Station, Texas).
Results
From December 2006 to December 2008, a total of 2,789 patients underwent screening and 2,013 were finally recruited into the study and randomized to receive 1 of the 4 stent types. Ten patients (0.5%) withdrew consent after intervention, resulting in a final patient population of 2,003 patients (Fig. 1) .
The 4 stent groups were well balanced with regard to baseline and angiographic characteristics (Tables 1 and 2) , with the only exception of the circumflex artery being more frequently treated in the PES and EES groups compared with the other stent groups.
Adherence to aspirin therapy during the course of the study was high and did not differ across stent groups, whereas BMS-treated patients received a shorter duration of clopidogrel therapy. Secondary prevention medications, including angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, beta-blockers, and statins did not differ among the 4 stent groups during follow-up (Table 3) . No clear signal of heterogeneity was noted for the composite of death or nonfatal MI ( Fig. 3 ) or death alone across stent groups. The cumulative rate of nonfatal MI rate also did not differ at 24 months. Yet, the incidence of nonfatal MI from 12 months onward was higher in the PES group compared with other stent platforms, even if with borderline significance (p ¼ 0.045).
The cumulative incidence of TVR or TLR alone differed across stent types and was consistent with the known potency of each stent to suppress intimal hyperplasia (Fig. 4) . In particular, both TVR and TLR rates were lowest in the EES group (6.2% and 5.2%, respectively), roughly 3fold higher in BMS patients (18.3% and 17.1%, respectively), and intermediate in patients who received PES (7.8% and 6.8%, respectively) or ZES-S (12.2% and 11.6%, respectively) ( Fig. 4) .
The cumulative rate of definite ST did not significantly differ among the 4 stent groups. On the other hand, the incidence of definite or probable ST varied significantly across stent types (chi-square ¼ 16.9, p ¼ 0.0001), being lowest in EES-(1.0%) and ZES-S-(1.4%) treated patients compared with the BMS (3.6%) and PES (4.6%) groups (Fig. 5) . The difference in cumulative ST rates across stent groups was driven by higher risks of late ST in the BMS and by very late ST in the PES groups compared with EES-or ZES-S patients. These findings remained consistent when definite, probable, or possible ST rates were examined.
Discussion
The main findings of our analysis support the concept that both efficacy and safety differ considerably across the 4 stent types used in the present prospective all-comer patient study. In particular, cumulative MACE rates, encompassing both safety and efficacy endpoints, were lowest for EES-, highest for BMS-, and intermediate for PES-and ZES-S-treated patients.
Although DES are more effective than BMS in reducing restenosis, their safety has continued to be questioned in view of the ongoing propensity of first-generation DES for very late ST and the perceived need for prolonged dual antiplatelet therapy after any DES implantation (5, 6) . Moreover, it has been hypothesized that DES safety may be inversely related to its efficacy (i.e., the higher the stent potency in late luminal loss inhibition, the more prothrombotic the stent can be) (14) . We randomly assigned patients to receive BMS, ZES-S, PES, or EES, providing, respectively, no, mild, moderate, or high potency toward intimal hyperplasia suppression. Moreover, stent platforms were selected for being representative of both firstand second-generation DES technology. Impact of stent selection on efficacy endpoints. The cumulative rates of TVR or TLR observed at 2-year follow-up significantly differed across the 4 stent types and were consistent with known potency of each stent platform to inhibit intimal hyperplasia. In particular, both TVR and TLR were highest in the BMS and lowest in the EES groups. Interestingly, a similar pattern was observed for both stent types at the 1-year landmark analysis, with the BMS group showing the highest (3.2%), and the EES group the lowest (1.4%) rates of late TVR. On the other hand, ZES-S-and PES-treated patients showed heterogeneous behavior in terms of TVR or TLR throughout follow-up. ZES-S patients had an incidence of TVR within the first year, which was intermediate between that of the BMS and EES groups, whereas the late need for reintervention was low and similar in EES-treated patients. Interestingly, PES patients showed an opposite TVR pattern over time, showing among the lowest and highest TVR rates within or after the first year of follow-up, respectively.
Our findings should be interpreted as confirmatory of previous observations in terms of both cumulative TVR rates and distribution pattern of events over time (7, (15) (16) (17) (18) (19) (20) . Values are mean AE SD or n (%). *Calculated in 1,928 patients who presented at least 1 de novo lesion; ACC/AHA score was missing in 3 patients. yAs previously described (28) , type A stenoses were coded 1 point, type B1 stenoses 2 points, type B2 stenoses 3 points, and type C stenoses 4 points. p < 0.05 versus BMS group on post-hoc analysis.
ACC/AHA ¼ American College of Cardiology/American Heart Association; CFX ¼ circumflex artery; LAD ¼ left anterior descending artery;
MLD ¼ minimal lumen diameter; RCA ¼ right coronary artery; RVD ¼ reference vessel diameter; SVG ¼ saphenous vein graft; other abbreviations as in Table 1 .
Valgimigli et al. Impact of stent selection on safety endpoints. The composite of death or nonfatal MI did not formally differ across stent types. Consistent findings were noted for cumulative death of any cause and MI rates, separately analyzed. Yet, MI rates at the 1-year landmark analysis were not homogeneously distributed across the 4 stent types, with a roughly 2-fold increase of events in patients treated with PES (4.8%) compared with EES (2.4%). ST rates were also not homogeneously distributed across stent types, both with respect to the cumulative incidence or distribution of events over time. EES-treated patients showed the lowest cumulative rate of ST at 2 years, which was the result of a consistently low incidence of acute/subacute, late, and very late ST. Similar findings were noted for the ZES-S group. On the other hand, the PES and BMS groups had the highest risk of cumulative ST, which was driven by a high incidence of late ST rates in the BMS and very late (>1 year) ST in the PES groups.
Intimal hyperplasia is known to peak at 11 to 14 weeks after BMS implantation and then it stabilizes or even mildly regresses (the so-called compaction phenomenon) over time (21) . Therefore, it remains possible that the high rate of late ST in the BMS group may reflect symptomatic late lossdriven occlusive or subocclusive restenosis. The possible contribution of late luminal loss to late ST was postulated in several previous head-to-head trials or registry data (15, 22, 23) , and it has major clinical implications, as it would question the concept that stent safety inversely relates to stent potency in inhibiting intimal hyperplasia. Alternatively, some DES polymers may increase the biocompatibility of the BMS surface and as such render the stent itself less thrombogenic (24) .
The relatively higher risk of very late ST with PES compared with the second-generation DES tested in the current study is not new and is consistent with many previous observations (9, 20) . This finding reinforces the concept that DES safety is highly heterogeneous across DES types. In particular, we even observed an improved safety profile for EES, with respect to definite or probable ST, compared with BMS. In this regard, the EXAMINATION (Evaluation of the Xience-V stent in Acute Myocardial INfArcTION) trial was the first reasonably sized study of second-generation DES and BMS and reported significantly lower rates of ST with EES than with BMS at 1-year followup (25) . A recent network meta-analysis involving 49 randomized studies, of which only 2 directly comparing EES with BMS corroborated this possible paradigm shift (26) .
Therefore, our data, although preliminary, suggest that stent safety may not be necessarily disconnected from efficacy, which has major clinical and pathophysiological implications. Study limitations. First, the open-label design may have introduced the potential for bias. We minimized this potential with the requirement that all events were adjudicated by independent committees unaware of the treatment Values are n (%). *p < 0.05 versus BMS group on post-hoc analysis.
ACE ¼ angiotensin-converting enzyme; other abbreviations as in Table 1 . assignments. Our study was not powered for the comparison of the 4 stent platforms. As such, our findings are exploratory and hypothesis generating and deserve further confirmation. This is particularly true considering that the analyses of multiple safety and efficacy endpoints at 2 years or from the landmark of 1-year follow-up for the 4 randomized stent groups made possible multiple comparisons, for which a formal level of significance was not corrected.
The focus of the current analysis was to contrast the performance of the 4 different stent types. Hence, we did not specifically investigate the possible stent type by clopidogrel duration interaction because this information was previously reported (27) . 
Conclusions
Our study suggests that the unrestricted EES implantation in a broad consecutive patient population is associated with the lowest MACE risk across the 4 randomized stent platforms. The superiority of EES was driven by a better efficacy profile in terms of TVR rates compared with both BMS or ZES-S but importantly also by an improved safety profile with respect to ST rates compared with PES or BMS. Finally, PES and ZES-S were associated with MACE rates, which were intermediate between EES and BMS, as a result of a suboptimal safety and efficacy profile, respectively.
The observation that EES implantation is associated with a lower ST rate compared with BMS is consistent with Figure 5 . Cumulative Incidence of the Key Safety Endpoint According to Stent Group Cumulative incidence curves are shown for the key safety endpoint of definite or probable stent thrombosis (ST) at 2-year follow-up. The p values were calculated using the log-rank test. Abbreviations as in Figure 1 . 
